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1. Prologue:
My personal involvement with climate




My first paper on climate

A

>

>

A

Hydrological Sciences—Journal-des Sciences Hydrologiques, 48(1) February 2003

Climate change, the Hurst phenomenon, and
hydrological statistics

Citations per year -

Sources of imagesitps://scholar.google.com/citations?user=OPA_BScAAAAJ

This is my only journal paper with the tegtimate changen its
title; it was rejected twice byater Resources Research

It was accepted bidydrological Sciences Journahose Editor,
Zbigniew W. Kundzewicz, has been, at the same time, the IPC _
leader for hydrology (Chairing Lead Author of the IPCC freshw SSSsssssss
chapter in IPCC AR4 and Review Editor in IPCC AR5 & ARG). Sciences

Later Kundzewicz, who appreciates diversity of opinion, invited oumnail
to jointly lead the Journal, which we did for more than a decads

The paper has now almost 400 citations.

Former Editors
Koutsoyiannis (200

Zbigniew W. Demetris

Kundzewicz Koutsoyiannis
https://iahs.info/PublicationsNews/HydrologicaScienceslournal.do 1997-2015 2006-2017
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‘ My latest paper on climate (together with ZWK)
. Sc l. Koutsoyiannis an&undewic2020) m\D\Py

Article
Atmospheric Temperature and COy:
Hen-Or-Egg Causality? (Version 1)

Demetris Koutsoyiannis *(© and Zbigniew W. Kundzewicz >

1

Department of Water Resources and Environmental Engineering, School of Civil Engineering,
National Technical University of Athens, 157 80 Athens, Greece
Institute for Agricultural and Forest Environment, Polish Academy of Sciences, 60-809 Poznan, Poland;

2

kundzewicz@yahoo.com or zkundze@man.poznan.pl
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Dialogue and dialectic:

AT A VI>ACh" N A" h 8
¢ h << "_>'“Aﬁ\hh/\/\¢hh A
] AB > ¢ ht

Heraclitus Fragment BB
AMm’ AB ¥ h”OmM _Ah A Ch ¥  Ach

R B/\Zs’h,a_(“h 'C/\h A Bh A h° ;e,’o“)@/g—h A
>  hj “il< mSh L,'SA8 " 3Y msCHhht n A
(All things come into being by conflict of opposites,
[ and the sum of things flows like a river. Further, all

that is limited and forms one world) XGhangdis]
a pathway up and down, and this determines the
evolution of the worlgdHeraclitus quoted by
Diogened_aertiuslX8).
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Part 2
Weather and climate: Definitions,
meaning and historical background




‘ The The Scientific School The Poetic School

Importance N ‘ ; * Kb dQa Ay |
LT L VR U Which we call a rose, by ai
Of © ¢ g(The beginning of other name would smell a:

Socrates T NB Y 9 LJA OU S U dza RWVIIE RS EUCH Ll X RE-

deﬁnitiOnS education is the inspection of nanme Sz
/ FyR WA A 8G9

Each definition is a piece of secret
ripped from Nature by the human
spirit. | insist on this: any complicate
thing, being illumined by definitions,
being laid out in them, being broken
up into pieces, will be separated Intt
pieces completely transparent even

Let me argue that this
situation[absence of a
definition] ought not create
concern and steal time
from useful work. Entire
fields of mathematics

Nikolai Luzin - -
4 (1883 - 1950 = Gl excludlmg .f(.)ggy apd SIS thrive for centuries with a
Bl parts that our intuition whispers to u :
M iew: while acting, separating into logical el ol eualiig sel
YO leces the?\’ onlp can v?/e movegfurt RIS, Gt (mething
| am not a poet. pleces, y resembling a definition.

RO VA= Ry towards new successes due to

in science we should SIILITIERN
follow Luzin Nikolail.uzin(from Graham and Kantor, 200

Benoit Mandelbro{1999, p. 14
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Weather¢ Tempusgyp b © ° LSJ

A

>

p>

>

>

Weather is the state of the atmosphere at a Search 667,806 pages ~ Q

particular time, as defined by the various -

meteorological elements (WMO, 1992) KO1POG

The elements are meteorolqgl_cal varlgb_les_: e'g"English (Woodhouse)

pressure, temperature, humidity, precipitation,

cloudiness, visibility and wind. Kaipdg = crisis, occasion, or}p‘gﬁynilm
) . ) ._scope, time, convenient time, fit time,

It is often used with respect to its effects upon Ilfaﬂnpg time for, nick of time, occasion for,

and human activities opportunity for enterprise, the decisive

. time, the right t, ti i

In Greek and Romance (Né&atin) languages the - e”g_ r_mme_n_ q":e: ”

term has also the meaning tife. e Ll

In English and Greek (not in all languagesgther Greek oo

refers to shortscale (min to d) variations in the _ [

atmosphere and is distinguished frarfimate Italian Tempo

French TempsMétéo

1See also the glossary of the NOAA's National Weather ServiceoPanish — Tiempg Clima
https://wi.weather.gov/glossary/index.php?lettersw Portuguese Tempo,Clima

2 Cf. the glossary of the American Meteorological Society,
http://glossary.ametsoc.org/wiki/\WWeather

o) L

Russian o o
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Cllmate <Clima<yr <h ¥ 5 S T\ Vo )\ 2y a

Climate systems the system consisting of the atmosphere, b o8
hydrosphere (including its solid phase, cryosphere), L ‘A
lithosphere and biosphere, which mutually
interact and respond to external influences.

A Climatic processeare the physical, chemical and
biological processes, which are produced by the
interactions and responses of the climate system
components through flows of energy and mass,
and chemical and biological reactions.

A Climateis a collection of climatic processes
at a specified area, stochastically characterized
for a range of time scales.

A The termprocessneanschange(Kolmogorov,
1931). Thusglimate is changing by definition.

A The termstochastianeans random (i.e., unpredictable, unknowable in deterministic
terms) and the ternstochastic processieans a family of stochastic (random) variables
w(0) indexed by timep.

A The termsstochastic characterizatioandstochasticsollectively refer to the scientific
areas ofprobability, statisticsandstochastic processes

A The termhydroclimatids used to give more emphasis on the hydrological processes.

1 My definitions (Koutsoyiannis, 2021) are based on, but are not identical to, common ones in the

literature (see next slides).

Sourcehttps://en.wikipedia.org/wiki/Climate system

D. Koutsoyiannis, Climate of the past and presento


https://en.wikipedia.org/wiki/Climate_system

Climate < @ma<y < ': History LSJ

Aristotle (384322 BC) in hiMeteorologicadescribes Search 667,806 pages  Q

A

p>)

the climates on Earth in connection with latitude but

he does not use the termlimate Instead, he uses K)\iuﬁt

the termcrasis(® -’

, literally meaning mixing,

blending, temperament; ct 8 ~ & ¢ ~ ) hEnglish (LSJ)

The termclimate(® <M, plural® <’ 3 Was €oined [ cf. Seymn.521], aroc, 16, (kAivw)

as a geographical term by the astronomer Hipparcht
(190¢120 BC; founder of trigonometry). It originates
from the verb® <

denoted the angl

this angle.

A inclination, slope of ground,
EKATEPOV TO K. TWV Opwv Plb.2.16.3;

ABYSBI )/ A )/ = Wi 2 )némg T@ OAW K. TETPATITAI TIPOG TAG

e of inclination of the celestial &pkTouc 1d.7.6.1, etc.; scarp,
sphere and the terrestrial latitude characterized by Apollod.Poliore.140.7.
Russian (Dvoretsky)
| A LJLJ NOKdzaQa ¢ ot S 8tdbo / >

the Geographer (63 BCAD 24), from whom it

KAipa: arog (1) 16 kAivw
1) CKNOH, CKaT, CnycK: EKATEPOV TO K.

becomes clear that th€limataof that Table are just poiyb. o6a cknona (ropsi);
latitudes of several cities, from 16 58°N (see 2) cTpaHa cBeTa, KMMaTUHecKui
Shchegloy2007, for a reconstruction of the Table). nosc (Bopeiov Arst.; UmdpkTiov Plut.; év

Toi¢ KAipao! toutoig NT): 1& TTpog

Furthermore Strabo, defined the five climatic zones, ,¢onugpiav khipara tic Mndiac Polyb.

torrid (0 "¢ heh ¢
two frigid ¢ " _

> Y, twb temperate(® ¢ )ha[]dv toxHble obnactu Muguu.
K . ), asWe\use them to date.  sourcenttps:/isi.ariwiki/s < > "
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Climate < ma <y < . E&dntemporary history

A The termclimatewas used with the ancient Greek geographical meaning
until at least 1700. The termlimatologyappears after 1800.

A With the increasing collection of meteorological measurements, the term
climateacquires a statistical character as the average weather. Indeed, the
geographer A.Herbertsond mdpn 1t 0 Ay KXatinésdR2 (1 Sy
Physiography, an Introduction to the Study of the Barth 3 @S (G K S
definition of climate, based on weather (but also distinguishing it from
weather):

By climate we mean the average weather as ascertained by many years
observations. Climate also takes into account the extreme weather
experienced during that period. Climate is what on an average we may
expect, weather is what we actually get.

A Herbertsonalso defined climatic regions of the world based on statistics of
temperature and rainfall distribution.

A | SND S Ndork ®ag @ffuential for the famous and most widely used
Koppen(1918) climate classification; this includes six main zones and elev
climates which are on the same general scaleladbertson'yStamp, 1957).

D. Koutsoyiannis, Climate of the past and present2



Climate < ma <y < : Sdme modern definitions

Definition by the USA National Weath®ervice, Climate Predictid®enter
(https://www.cpc.ncep.noaa.gov/products/outreach/glossary.shtmj#C

Climatec The average of weather over at least a\&ar period. Note that the climate taken
over different periods of time (30 years, 1000 years) may be different. The old saying is clin
Is what we expect and weather is what we get.

Definition by the American Meteorological Socidtyt|f://glossary.ametsoc.org/wiki/Climade

Climatec The slowly varying aspects of the atmosplabsgirosphereland surface system. It

Is typically characterized in terms of suitable averages of the climate system over periods o
month or more, taking into consideration the variability in time of these averaged quantities.
Climatic classifications include the spatial variation of these-aneraged variables.

Beginning with the view of local climate as little more than the annual course otéomg
averages of surface temperature and precipitation, the concept of climate has broadened a
evolved in recent decades in response to the increased understanding of the underlying
processes that determine climate and its variability.

A Definition by the IPCC (2013)

Climateg Climate in a narrow sense is usually defined as the average weather, or more
rigorously, as the statistical description in terms of the mean and variability of relevant
guantities over a period of time ranging from months to thousands or millions of years. The
classical period for averaging these variables is 30 years, as defined by the World
Meteorological Organization. The relevant quantities are most often surface variables such
temperature, precipitation and wind. Climate in a wider sense is the state, including a
statistical description, of the climate system.

>

>
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\{2\(3 NBYFNJL & 2y Of AYl {

A 2 Keatléasta36yearperiod K LA UKSNB Fye@idKAYy3a ALISOALI

G

¢

¢CKA&d NBTFESOGa || KAaUW2NAROIf o0StAST OGKI
weather components and establish a constant mean. In turn, this reflects a perceptic
of a constant climate and a hope that 30 years would be enough for a climatic
guantity to get stabilized to a constant value. It can be conjectured that the number &
stems from the central limit theorem and in particular the common (albeit wrong)
belief that the sampling distribution of the mean is normal for sample sizes over 30
(e.g. Hoffman, 2015). Such a perception roughly harmonizes with classical statistics
independent events.

CKA& LISNOSLIIAZ2Y A& FTdzZNIKSNI NBFihSDO4 SR .
meaning abnormality), commonly used in climatology to express the difference from
the mean.

Thus, the dominant idea is that a constant climate would be the norm and a deviatiol
from the norm would be an abnormality, perhaps caused by an external agent.

The entire line of thought is incorrect.

A 2 K eclimate taken over different periods of time (30 years, 1000 y§atslfferent?

¢

The obvious reply is: Because differenty&@r periods have different climates. This
contradicts the tacit belief of constancy and harmonizes with the perception of an
ever-changing climate.

A Isl S ND S NIIRaS2liyfeids what we expect, weather is what wegggt O 2 NN O U

G

Nod | O2NNBOU NI Fwediheds what We2ggt imnadifelR clim&e iss
what we get if we keep expectingforalongtime 6 Y2 dziaz2e Al yyAaz
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¢CKS YSIYAY3I 2F aOf AYLF 0

A In scientific terms, the content of the terglimate changes almost equivalent to
that of weather changer eventime changgclimate is changing as is weather and
time).

A ¢ K dzheterm ‘climate change' is a misleading popular sldggand + A &) andf SY
serves political aims. It is not a scientific term.

A 9OSY I OO2NRAY3 (02 0UKS Ltt/ Qa oHnmMoU K
Climate change refers to a change in the state of the climate that can be identifi
(e.g., by using statistical tests) by changes in the mean and/or the variability of i
properties, and that persists for an extended period, typically decades or longer
Climate change may be due to natural internal processes or exfercadgssuch

as modulations of the solar cycles, volcanic eruptions and persistent
anthropogenic changes in the composition of the atmosphere or in land use.

Note that the Framework Convention on Climate Change (UNFCCC), in its Artic
RSTAySa OfAYFOS OKFy3aS Fay Wk OKlFy3
indirectly to human activity that alters the composition of the global atmosphere
and which is in addition to natural climate variability observed over comparable
GAYS LISNA2RaAaQ® ¢KS !'bC/// GKdza YI 1S,
attributable to human activities altering the atmospheric composition, and climat
variability attributable to natural causes.

11932-2010; https://motls.blogspot.com/2011/03/vitklemes19322010.html
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92t dzi A2y 2F (UKS dzasS 27

0.000900% -
Source:https://books.google.com/ngrams/graph?content=climate+change%2Cgood+day climate change
&case_insensitive=on&year_start=1900&year _end=2005&corpus=15&smoothing=0

0.000800% -

0.000700% -

0.000600% +

0.000500% -

0.000400% =

0.000300%
A neutral twoeword everyday

0-000200% 7 expression for comparison good day
0.000100%-w
0.000000% T T T T T ; EEEEE— T T
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
A CKS 3INILK aKz2ga GKS Sgzftddiazy 2F 0KS
OKlIy3se Ay uUKS YAtftAzya 2F o0221a | NOK
RlIFée¢€ Aa dzaSR [a | NBEFSNBYOS F2N O2YLJ
A The term appeared in the 1970s.
A It looks that after 1990 climate change became more important than good day.
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The launch of the Cllmate Change Agenda

I\"T AT Q A Henry Kissinger, the then powerful

Y .4 V'V D BUREAU OF PUBLIC AFFAIRS Secretary of State and National
/// - - -
P: TOT YA QI [EDepagtmf optate Security Advisor of USA raised the
VAYL 4L f—i J L _J Offlce of Media Services— A aadzS 2 F Ot AYLIl 0?7
Assembly in 1974.
e April 15,1974 A WMO reacted immediately (in a
S’EC.LELSES ssv SECRETARY KISSINGER FOR IMMEDIATE RELEASE mo nth)
ms:”rww?n::" Kissinger (1974)
X Session 0
mmmlmw -- The poorest nations, already beset by man-made disasters,
g i . have been threatened by a natural one: the possibility of
, Mr. President, Mr. Secretary General, distinguisied @ climatic changes in the monsoon belt and perhaps throughout
o ——— the world. The implications for global food and population
Distr.: RESTRICTE policies are ominous. The United States proposes that the
_ R < International Council of Scientific Unions and the World
N RSN, T (BN1978) Meteorological Organization: urgently investigate this
24 problem and offer guidelines for immediate international
EXECUTIVE COMMITTEE il 5.8 ) action.

TWENTY-SIXTH SESSION, GENEVA, 1974
Original: ENGLISH

WMO (1974)

Implications of possible climatic changes

ENVIRONMENTAL POLLUTION AND OTHER ENVIRONMENTAL QUESTIONS

BL6.25 The Executive Committee discussed a request from the
Government of the United States of America to consider certain prob-
lems of climatic change in relation to the current and planned activi-
ties of WMO. This request had stemmed from o statement made by the
Secretary-of-State at the sixth special session of the United Nations
General Assembly in which he had called attention to the possibility
of climatic changes which could haove serious implications for global
food and population policies. In this connexion, the Committee also
noted the decision of the second session of the Governing Council of
UNEP that the Executive Director should continue his activities re-
lating to "outer limits", particularly climatic change.

Implicotions of possible climotic changes

(Presented by the Secretary-Generol)

Summory

This document conveys to tha Executive ReprOduced

Committee o request from the Government
of the United States of Americo to con- from
sider the problem of the implicaotions

f possible climatic chonges on the .
:'ll-boing of mon. The present WHO LeWIn (2017)

octivities in this field ore reviewed
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‘Scientists get involved immediately: NOAA, Oct. 1974

= , A\

CLIMATE: A KEY

FOOD SUPPLY

BY PATRICK HUGHES

“The poorest nations, already beset by man-made disasters, have been threatened by
a natural one: the possibility of climatic changes in the monsoon belt and perhaps
throughout the world. The implications for global food and population policies are
ominous. . o

Hughes (1974) HENRY KISSINGER, Address before the UN General Assembly, April 15, 1974

A Was the climate alert about

global cooling or global warmirg

A The answer was not categorical

and in fact did not matter.

A What did matter was the alert

per se

Both the Little Ice Age and our own climatic era are relatively

minor variations superimposed on long-term fluctuations between
cold, glacial and warm, relatively brief. interglacial periods of the
ice age in which we are now living. For most of the Earth’s history
our planet had no permanent ice cover. For more than two million
years now. however., we have had permanent ice fields which
alternately expand and contract. The last major glacial period
ended about 10.000 years ago. Some climatologists think that the
present cooling trend may be the start of a slide into another period
of major glaciation, popularly called an “‘ice age.™

Many other scientists disagree. J. Murray Mitchell, Ir.. of the
Environmental Data Service. a world authority on climatic change.
comments. “"We observe these trends. and we know they are real.
But we can’t find the central tendency. we just don’t know how
long they will last.” Mitchell himselt suspects that the present
cooling trend will reverse itselt rather soon.

D. Koutsoyiannis, A voyage in climate, hydrology and lifes



Introduction

Th e fl rSt bOO k Wlth a' 8. The world's climate and the possible effect of a change in climate on

food production is receiving increased attention. In particular, the drought and

title Contai n i ng subsequent famine in the Sahelian zone of North Africa during the late 1960s

- , A~ J and early 1970s has focused world attention on the implications of climate change.
r .. According to evidence gathered by climatologists, the Northern Hemisphere has
u O f A Y |- u S C been cooling since the mid-1940s. This cooling may have been responsible for the
widespread failure during the 1960s of the rain-producing monsoons in the

grain-growing regions that lie south of the tropical deserts.

S 1.113/3:76-10577 U 9. In the USSR, a grain crop shortfall in 1972 and subsequent massive
imports drew attention to the potentially precarious situation some grain-producing
countries in the North Temperate Zone might face because of climate fluctuations.
Bounded to the north by cold temperatures and to the south by deserts, the
grain-growing region of the USSR has a high potential for disastrous weather should
the boundaries of these unfavorable climates shift.

~ OOs s 00000

10. Little has been done to evaluate the effect that this climate change has

had on food production in the temperate latitudes. This report (1) discusses the

Research Aid- nature of climate and climate change, (2) uses detailed meteorological data to

measure changes in the climate in the USSR grain belt, and (3) estimates the impact
of the climate change on grain production since 1962.

/U&SR' The Impact of Recent Climate Change

| on Grain Production USSR: Average Annual Change in All Grain Production, 1962-74
LIBRARY
f‘lresz:‘::‘m
W‘W‘Wﬁ S Average Increase in Caused by
Cutober 1976 Grain Area' All Grain Production Climate Change
(Million Hectares)  (Million Metric Tons/Year) (Million Metric Tons/Year)

CIA (1976) 54
Baltics 2.2 0.28 0.05
A coldwar report referring to USSR, in ~ lomsa 28 o oon
which climate change is thepolingof Moldavia R o "
the Northern Hemisphere since 1940. - Xeakhsun I8 092 o6
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A necessary clarification ending Part 2

A

a/ ftAYIIGS OKI y3S&ndtanythingLJ2 t A O A
scientifically sound.

A What follows purports to be scientificnot political.

A | have also conducted research on the political, historical and

sociceconomic aspects of the Climate Change Agenda.

Those In the audience interested in my latter research are
Invited to visit my presentation (Koutsoyiannis 2020b):

The political origin of the Climate Change Agenda
http://www.itia.ntua.gr/2035/
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Part 3
Climate of the past
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life, 4 billion years ago
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Changes on Earth since the appearance of earlie

—e—Earth rotation
rate

—=—Temperature,
Kasting (1987)

——Temperature,
Hart (1978)

=@ Solar constant
(solar radiation

——Land area
——/ hi o2y
Kasting (1987)

——/ hi 02y

Hart (1978)

|C&tyllisB®39340 dza =
Myglteo©lBgizNIE &S

z (Feulner 2012).

The graph has been
constructed from
estimates by Kuhn et al.
(1989). Temperature is
expressed in K and
corresponds to 35
latitude; a change in the
temperature ratio by 0.01
corresponds to ~2.9 K.

Although the estimates

are dated and uncertain,
evidence shows existence
of liquid water on Earth
even in the early period,
when the solar activity
was smaller by 2@5%.

This is known as the faint
young Sun problem [ f
A
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| Sea level during the Phanerozoic

600
500 ——Exxon sea level curve, Haq et al. (1987)
—— Exxon sea level curve, Haq and Al-Qahtani (2005)
. 400 ——Hallam (1984)
£ 300
¥a)
> s
5 20 y 1N
©
% 100 UL
0 A m . 3 Y )1
7 ¢CAYSQa \ .‘
-100
600 550 500 450 400 350 300 250 200 150 100 50 0
Million years before present
Proterozoic Paleozoic Mesozoic Cenozoic

ternary

@
=3

. . Ordovic- |Silur= : Carboni- . o Paleo- Neo-
Ediacaran Cambrian : ' Devonian Permian [ Triassic Cretaceous
ian ian ferous gene gene

Phanerozoic Paleozoict Mesozoic + Cenozoic. High sea level suggests high temperatur

Q

Digitized data sources

ForHaget al. (1987)https://figshare.com/articles/Haq_sea level curve/1005016

ForHagand AlQahtani (2005):
https://web.archive.org/web/20080720140054/http://hydro.geosc.psu.edu/Sed _html/exxorn;.sea
Note though that it has discrepancies from the graph in Miller et al. (2005).

For Hallam (1984), data were digitized in this study using chronologies of geologic eras from the
International Commission on Stratigraplinips://stratigraphy.org/chart

For other reconstructions see van der Meer (2017).
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‘ Life evolution and sea level during the Phanerozoic
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A Q: When did extinction happen? On temperature rise or fall?
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‘Cc—evolution of temperature, CO 02 y OS vy i
sea level in the Phanerozoic

35 ——Scotese (2018)
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emperature change in different time windows
from Observat|ons and prOX|eS Markonisand Koutsoyiannis (2013)
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Focus on the last deglaciation: temperature

Pleistocene
30 Abrupt
changes
o
o 35 o) g
= - £
g =\ 5
g 40 g LVE
£ E o
v s & |
= 45 = 5 Younger Dryas
cool period
50 “—N—M'\'V\/\N/ Holocene
Glacial Transient Interglacial Experimental drilling on the

-55 Greenland Ice Cap in 2005,
-20000-18000-16000-14000-12000-10000 -8000 -6000 -4000 -2000 O 2000 https:/earthobservatory.nasa.

4 = 4 gov/features/Paleoclimatology
Calendar year ( AB,= BC) IceCores

Noticeable facts
(1) The difference of the interglacial from glacial temperature is %20

(2) In periods of temperature increase, the maximum rate of change has been 8.5
°C/century.

(3) In periods of decrease, the maximum rate has bde®°C/century.

Data Temperature reconstruction from Greenland ice cores; averages@&R2, NGRIP and NEEM Ice Drilling

locations as given Wguizertet al. (2018) for a 2§ear time step (available fromitps://www.ncdc.noaa.gov/paleo
search/study/2343)
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Focus on the last deglaciation: sea level
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~ « = =t A% |
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N ) Sunda / Vietnam Shelf —— | -140

24 22 20 18 16 14 12 10 8 6 4 2 0

Thousands of Years Ago
Sourcehttps://commons.wikimedia.org/wiki/File:PogElacial_Sea Level.png
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IFocus on the last 10 thousand years: temperatur

26 Minoan climate optimum: Medieval warm period:  194(Q, -27.8

-102Q,-27.0 700, -26.5

o7 -984Q -26.7 ‘
—~ ’A h y M'l w l ‘ <o Y
QL -28 /R ' . ~\u ' '
0 ‘ [ {[
2
© -29 ’
L Roman climate optimum: I
& +1,-27.4
I_ '30

180, -30.4
-31 : 840, -30.3
-6240,-30.6 —20-year time step
39 - 500-year average 1860 -31.3

-8000 -7000 -6000 -5000 -4000 -3000 -2000 -1000 O 1000 2000

Calendar year ('+' = AB,= BC
Noticeable facts y ( )

(1) 1940 was warmer than present. (2) The warmest period was around 700 AD. (3) Tt
has been a dominant cooling trend for more than 7000 years.

Data: Greenland ice cores asamreviousslide
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Part 4
Climate of the present




Recent global se#evel rise

50

’ = Dangendorf et al. (2019) Copernicus

- Q

E S

% 0 S Holocene maximum rate,
2 S 5 18 times higher than current
20 5 0
0z v o
9 m d x
g 50 | [2%
w3 o <
> 28
L g E {‘
E s > €
SE 400 |m&
oL v & :
6= n 2 Acceleration

O after 1990, to

o o

5 be discussed

£ -150 later

Uncertainty bands (equal tbone standard deviation, as
given byDangendorkt al., 2019)are also plotted
-200
1900 1920 1940 1960 1980 2000 2020

Data
(1) Dangendortt al (2019) Synthesis of satellite altimetry widi79 tidegauge record
(https://static-content.springer.com/esm/art%3A10.1038%2Fs41548-0531-8/MediaObjects/41558 2019 531 MOESM2 ESM.txt

(2) Copernicus: satellite altimetry for the global ocean from 1993 to presént/(climexp.climexpknmi.surf
hosted.nl/getindices.cqi?WMO=CDSData/global copernicus sla&STATION=global sla C3S&TYPE=i&id=someone{@somewhere
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300 0.114
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content :‘ 250 - ===10-year climate (average of/past 10 years) ' 0.095
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©
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5 -50 (/\ : ,/ -0.019
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Equivalent temperature, K

Noticeable fact During the 54year period 19662020 the upper ocean heat content has
increased by 27ZJ, averaged globally at a-}€ar climatic scale; this corresponds to a
temperature increase of 0.105 K (average rate <2 hundredthsGfer decade).

Data: NODC upper ocean-gD00 m) heat content

(from https://www.nodc.noaa.gov/OC5/3M_HEAT CONTENT/basin_data.tcdmbersion into equivalent

temperature using data frorhttp://climexp.knmi.nl/selectindex.cgiesulting in a conversion factor of 2640 ZJ/K).
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Atmospheric temperature averaged over the globe

17 -6
empe NCEP-NCAR = ERAS5 UAH

16 T 7
o g :
|||| L
- T IRIRL R e et
5 15 & 40 ..ml”"lm! ]“l!llluhlnn!nhl ‘hulul"

Lo A I
12 H -11 | | |
2 m above ground Lower troposphere
11 ! ! ! 12 ! ! !
1940 1950 1960 1970 1980 1990 2000 2010 2020 1940 1950 1960 1970 1980 1990 2000 2010 2020

Noticeable fact:During the recent years, climatic temperature increases at a rate of:

A 0.19°C/decade at the ground level, or

A 0.13°C/decade at the lower troposphere.
Compare with the rate 0.88/decade in the distant past.

Source of graph: Koutsoyiannis (2@20ata: (1) NCEP/NCAR R1 reanalys Thin and thick lines of the same colour
(2) ERAS reanalysis by ECMWEF; and (3) UAH satellite data for the lowe represent monthly values and running
troposphere gathered by advanced microwave sounding units on NOAA annual averages (right aligned),

NASA satellites (see Koutsoyiannis, 2020a for the data access sites).  respectively.
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Part 5
Basics of climate theory




| Dominant theory: CO

continuously.
Professor Hogbom, together with the discussions above
referred to, led me to make a preliminary estimate of the
probable effect of a variation of the atmospheric carbonic
acid on the temperature of the earth. As this estimation led
to the belief that one might in this way probably find an
explanation for temperature variations of 5°~10° (., I worked
out the calculation more in detail, and lay it now before the
public and the critics.

SyaRte Arrhenius

Conversations with my friend and colleague

Arrhenius (1896)

THE

LONDON, EDINBURGH, axp DUBLIN

PHILOSOPHICAL MAGAZINE

AND

JOURNAL OF SCIENCE.

—— p—e

[FIFTH SERIES.]

APRIL 1896.

XXXI. On the Influence of Carbonie Acid in the Air upon
the Temperature of the Ground. By Prof. SvaxTe
ARRHENIUS *.

A

>

Arrhenius regards GO 0 s KA OK KS Ol -
as the cause of temperature changes of the past.

In his calculations, he underestimates by a factor of
7 the relative importance of atmospheric water (in
fact, 4 times strongertha@Q Ay 3INBSY K
effect).

Following the Italian meteorologist Darchi
(1895), he rejects the orbital changes of the Earth
as possible causes of the glacial periods.

He does not explain what causes the changes in th
CO OZ2YOSYUNIXUAZY AY UKS
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Astronomical theory and Milutin Milankovitch

A

> ™

>

Milutin Milankovitch { . “x t €™ e :01879¢ 1958) was a Serbian civil
engineer (by basic studies and PhD, as well as work in the design of dams, bridges
aqueducts and other reinforced concrete structures). He is also known as

mathematician, astronomer, climatologist and geophysicist.

He characterized the climates of all the planets of the Solar system.

He provided an astronomical explanation of Earth's f@rgn climate changes caused
oe 9FNILKQa 2NbAulft OKFIy3aSao

He proposed the Milankovitch calendar (revising the Julian calendar) in 1923, whicf

May 1923 was adopted by a congress of some Eastern Orthodox churches, includir
the Ecumenic Patriarchate of Constantinople and the Greek church. It is more accul

than the Gregorian (but the difference is small, now O to become +1 day in 2800).

rrrrr

Years AD (dates fron| Milankovitch
1 Mar to 28/29 Feb) | ¢ Gregorian

e CZOO HEBECKA MEXAHHEA | KANON DER ERDBESTRAHLUNG
X GoE
1500¢ 1600 b M
1600¢ 2800 0 i — e
2800¢ 2900 +1 | 58
X ] e
10 000¢ 10 100 +3 Milankovitch (1935‘)‘ Milankovitch (1941)
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Eccentricity

Milankovitch cycles

Precession
~21,000 years__!

0.01 002 003 004 0.05
1

S

Obliquity

Degrees

0.00 0.02 0.04 220 225 23.0 235 240 245
1

-
= L
- R = t- -

i 0 :
Eccentricity b"qU'ty Precession Index: e(1 +sin(%@))

100,000 — ~41,000 ey
400,000 years

A Astronomical changes (already known):
¢ Eccentricity (¢ ¢ s A ), " "

¢ Obliquty " v ), ° 1

¢ Precession{® -~ h . > ¥ TFAN

calculated by Hipparchus); e Daly nsofton 1 63 on Summer Sl

A Milankovitch calculated the insolation at 21 3 | |

latitude 65N, which he regarded most §'
sensitive to the change of thermal balan@fe

of Earth. g -

Source of figures and calculations: I i ; ;
https://biocycle.atmos.colostate.edu/shiny/Milankovitch/ § - i i i

-500 -400 -300 -200 -100 0 100

based on the solutions of equations bgskaret al. (2004). kiloyears from present
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n L} (}l

Recent confirmation of [egwer T Emmm
i L= June 65N insolation 60>
. : =

- » - SN U RS 2l i o st . _40E
Milankovitch theory
i ° 5

- 20 g

CRCR GEOPHYSICAL RESEARCH LETTERS, VOL. 33, L24703, doi:10.1 o 40 2
Fere - w 3
Full Roe (2006) 2 0
Article 3

In defense of Milankovitch

Gerard Roe'
Received 9 August 2006; accepted 3 November 2006; published 21 December 2006.

Rate of change of ice volume (arbitrary units)
w

[1] The Milankovitch hypothesis is widely held to be one  spheric CO; and tr
of the cornerstones of climate science. Surprisingly, the important role in
hypothesis remains not clearly defined despite an extensive Lea, 2004], (2) ¢ i

body of research on the link between global ice volume and ~ changes relative tc = _gg 00 600 500 200 300 200 100 0

Time (kyr)

A Roe (2006) confirmed the Milankovitct Figure 2. As for Figure 1, but comparing June 65N

theory by Comparing the insolation at insolation anomaly with the time rate of change of global
latitude 65N with Changes of global Ice ice volume (dV/df). The SPECMAP record has zero lag and

N T AL HWO04 record is lagged by only 1 kyr, in order to show the

volume MTAO) o o maximum lag correlation with the insolation time series of

A He also observed thatariations in ice —0.8 and —0.4, respectively. Autocorrelation estimates
i inti i suggest that the SPECMAP and HW04 time series of dV/dt
meltmg pre_cede Val’.latl(_)nS I.n have 106 and 123 degrees of freedom respectively. There-
atmospherlc CQ which |mp||eS a fore, in both cases the correlations are significant at well
Secondary role for Cp above the 99% confidence level. If the HWO04 record is

smoothed in the same manner as SPECMAP (using a nine-

HOWEVGI’,. the Milankovitch theory .do.es point Gaussian filter [/mbrie et al., 1984]), the maximum
not explain every change, thus pointin( lag correlation does not increase. Convention for units is as
at the need for a stochastic theory. for Figure 1.

p)
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Climate stochastics: Kolmogorov, Hurst and the Nile

Comptes Rendus (Doklady) de I’Académie des Seiences de I'URSS -
1940. Volume XXVI, M 2 AMERICAN SOCIETY OF CIVIL ENGINEERS

Founded November 5, 1852 .

Kolmogorov (1940)

MATHEM ATTK TRANSACTIONS

WIENERSCHE SPIRALEN UND EINIGE ANDERE INTERESSANTE
KURVEN IM HILBERTSCHEN RAUM

Yon A. N, KOLMOGOROFF, Mitglied dor Akademie

Hurst (1951)  Paper No. 2447

LONG-TERM STORAGE CAPACITY
OF RESERVOIRS

By H. E. HURsST?

Wir werden hier einige Sonderfille von Kurven hetrachten, denen
meine vorhergehende Note «Kurven im Hilbertschen Raum, die gegeniiber
einer einparametrigen Gruppe von Bewegungen invariant sind» (') gewid-

met ist. ] . . . - g1
Unter einer Ahnllchkeltsthansform alioxn

Ranm J _swerdan
T UNa V = 2’ der Punkte, die auf derselben
“Kurve liegen, ubergeht.

Satz 6. Die Funktion By(x,,*,), die der Funktion t(t) der Klasse U
entspricht, kann in der Form

Bﬁ(TJ?Ta)chHiT"}'iTzr{_111_"1511'1

Wite Discussion By VEN TE Crow, Henrt MinLERET, Louis M. LausHEY,
anp H. E. Hursr.

Synopsis

A solution of the problem of determining the reservoir storage required on a
given stream, to guarantee a given draft, is presented in this paper. For ex-
ample, if & long-time record of annual total discharges from the stream is avail-
able, the storage required to yield the average flow, each year, is obtained by
e e of the departures of the annual totals from

The range from the maximum to the mini-
3 taken as the required storage.

GAlthough in random
events groups of high or
low values do occur, their
" tendency to occur in

FﬁL natural events is greater.
' This is the main difference

Kolmogorov proposed a
stochastic process that

describes a behaviour

unknown at that time. It
was discovered a decade
later in geophysics by . :
A.N Kolmogoris Hurst. e i random events.

D. Koutsoyiannis, Climate of the past and present 39



TheRodaNilometer and the longest instrumental record on Earth

(A Nilometer

Photos byLoaiSamerand
MohamdMubarak; Google
maps,
https://goo.gl/maps/T8NUgo
DAorK2and
https://goo.gl/maps/dsdJHJY
Vv572

TheRodaNilometer, near Cairo. Water entered through three tunnels and filledhlemeter
chamber up to river level. The measurements were taken on the marble octagonal column (v
a Corinthian crown) standing in the centre of the chamber; the column is graded and divided
19 cubits (each slightly more than 0.5 m) and could measure floods up to about 9.2 m. A
maximum level below the ¥émark could portend drought and famine and a level above thHe 1¢
mark meant catastrophic flood.
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Hurst—KoImogorov (HK) dynamics and the perpetual change

OF NI KQa. . Of AYIL (S
E — Annual Nile River annual minimum
%_ 6 = 30-year average water level (849 ValueS) |
S | |
E’ 5
©
= 4 Ill II | I A | il | I| [ A Ill ,,,,,,,,,,,,,,
- I
g I
E 3 4 1T =, . & ) i ALt TN R AL L | TS L
= |
S
2 B K IR LTI IRl W R H' LA N | | | R TR O Y 1
A hydroclimatic process 1 i I I l
as seen in the longest 0
instrumental record 600 700 800 900 1000 1100 1200 1300 1400 1500
Year AD
m 7 - . -
g —"Annual” Each value is the minimum of=36 roulette wheel
| S 6 e 30-"year" average outqor_nes. The value of was chosen S0 that the standard
: © deviation be equal to th&lilometerseries
® 5
E
o 4
@
5 3
PO IRNNY 11 A| | 0
£
=
s 1 i ARt g A R St L St TR P il P i N R AR AR S PN L
0 -
600 700 800 900 1000 1100 1200 1300 1400 1500
Nilometerdata: Koutsoyiannis (2013) "Waar"
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The climacogram: A simple statistical tool to quantify
change across time scales

A Take theNilometertime seriesx,, X,, ...,Xg4, @nd calculate the sample estimate of
variance' (1), where the superscript (1) indicates time scale (1 year).

A Form a time series at time scale 2 (years):
X 1= (g + X2, %D 1= (g +X,)/2, .. X424 1= Keuz t Xgae) /2
and calculate the sample estimate of the varian(®).

A WSLISIFG O0KS alYS LINPOSRAZINE YR F2NXY |
scale 84 (1/10 of the record length) and calculate the varian®&s' 6 n U (84X
A Theclimacogramis a logarithmic plot of the variane€") vs. scalé .

A If the time series; represented a pure random process, the climacogram would be &
straight line with slope 1 (the proof is very easy).

A In real world processes, the slope is different frqoip designated agH ¢ 2, whereH
IS the secalled Hurst parametelO(<H < 1).

A The scaling law(*) = (1) / “2<?H defines theHurstKolmogorov (HK) process

A High values of (> 0.5)indicateenhanced changat large scales, else knownlagag-
term persistence or strongclustering(grouping) of similar values.

Koutsoyiannis (2010, 2013, 2016)
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The climacogram

——Annual

30-year average

of the Nilometer

Minimum water depth (m)

time series

A The Hurstkolmogorov process

M

seems consistent with reality.

600

The Hurst coefficient isl= 0.87.
(SimilarH values are estimated
from the simultaneous record of
maximum water levels and from
the modern, 131year, flow recorc
of the Nile flows at Aswan).

The HurstKolmogorov behaviour ~
seen in the climacogram, indicat
that:

@ longterm changes are more
frequent and intense than
commonly perceived, and

future states are much more
uncertain and unpredictable
long time horizons than

implied by pure randomness.

>

arl ance

b

(b)

0.01

700 800 900 1000 1100 1200 1300 1400 1500

Year AD
The classical statistical estimator of standard

deviation was used, which however is biased
for HK processes

0.1

& Empirical (from data)

Purely random (H = 0.5)

= = Markov

— — Hurst-Kolmogorov, theoretical (H = 0.87)

Hurst-Kolmogorov adapted for bias
|

10

1 100

Scale (years)

D. Koutsoyiannis, Climate of the past and presenu3



A combined climacogram of temperature observations
and proxies (HursKolmogorov + Milankovitch)

1 A o 2
. : S & This slope ONSSTC
7 5 = supportsan HK |° aRt)J
= - = S behaviour with | * V'OLETY
% ] -g g o Taylor
= § ¢ GRIP
= : \ o EPICA
P : \ @ Common perception: + Huybers
-% : \% Purely random change § \Z/aefzhgrs
= ] : ‘v Climate would stabilize
S ; \ ¢
° : o In 30 years
E ' \
g - \
8 : " ‘\
n - < |\ The actual climatic variability at @ )
=5 S '\ the scale of 100 million years HK dynamics
=3 E ' equals that of 28 months of a extends over all
iy X \ purely random climate! scales
0.1 ey A e
102 101 10° 10t 102 108 104 10° 106 107 108
Scale (years)
ALyl 2 AGOKQ iKS2NE SE
SourceMarkonisand Koutsoyiannis (2013) KAa at 20Kt € NBRdAzOUAZY

D. Koutsoyiannis, Climate of the past and present 44



Part 6
The energy cycle




Global energy flows and energy balance

102\ Reflected Solar 341 Incoming 239 [ Outgoing
Radiation Solar Longwave
101.9Wm?* Radiation Radiation

341.3Wm? 2385Wm?
Reflected by

Clouds and 76 :
Atmosphere ’ f 40 xir:ggevherlc

79 Emitted by /', 69
Atmosphere

333
Back
Radiation

17 80 333
Absorbed by Thermals Evapo- Surface

Surface transpiration Radiation Absorbed by
Surface

Net absorbed
0.9
Wm?

Fic. |. The global annual mean Earth’s energy budget for the Mar 2000 to
Trenberth et al. May 2004 period (W m-?). The broad arrows indicate the schematic flow of
(2009) energy in proportion to their importance.
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‘Comparison of human and natural locomotives
(not to scale) Human locomotive

All human energy
production (2014):

170 000TWhyear

= 0.612x 10%t Jlyear

= 0.612 ZJ/lyeaMamassis
et al., 2020)

Power density (for
evaporating water):
80 W/

C2NJ SINIGHKQa
5.101x 10" m2;

4.08x 10 W = 40.8 PW

—
1.290x 10°4 Jlyear

= 1290 ZJ/year.

Image fromhttp://4 -designer.com/2014/03/Cartoosteamtrain-vectormaterial/ Koutsoyiannis (2020a)
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‘Comparison of human and natural locomotives
(to scale)

All human energy production
o el el Human

locomotive
0.612 ZJ/year

Natural
locomotive

1290 ZJlyear

(2100 times
higher than all
'/ human energy
production)

Image fromhttp://4 -designer.com/2014/03/Cartoosteamtrain-vectormaterial/ Koutsoyiannis (2020a)
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Part 7
The carbon cycle




land use change from data and models
residual land sink

‘Anthropogenic changes «f T T

INn atmospheric carbon ]
according to IPCC
(2013)

Questions

1. Does the measured atmospheric
growth rate (cyan in the lower
part of the figure) originate from
anthropogenic emissions as

measured atmospheric growth rate
- ocean sink from data and models

3]
|

emissions

partitioning

Annual anthropogenic CO, emissions
and partitioning (PgC yr ="}
=

implied by the figure?
2. What percentage of the total

10

1750

1800

1850

1900

1950

2000

carbon flow to the atmosphere

do anthropogenlc emissions From the original figure caption (IPCC, 2013)
represent? Figure TS.4 Annual anthropogenic G@missions and

“Is the net human effect on land their partitioning among the atmosphere, land and

use increasing the emissions, ¢2¢%an (Gt/year, 1Gt=Ag =~ ¥ NEY MT pn

. : . CQ emissions from net land use change, mainly
implied by the figure? RST2NBalGlGA2ys FNB ol asR

Year
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‘On guestion 3:

Is Earth browning or greening?

.y -
BOSTON
Prof. R. Myneni
Change in Leaf Area (% 1982 to 2015)

<-30 <15 -5 5 15 25 35

Image sourcehttp://sites.bu.edu/cliveg/files/2016/04/LAChange.png

>50

QuotingZhu et al. (2016)
OWe show a persistent and
widespread increase of
growing season integrated
LAI[Leaf Area Index]
(greening) over 25% to 50%
of the global vegetated
area, whereas less than 4%
of the globe shows
decreasing LAI (browning).
Factorial simulations with
multiple global ecosystem
models suggest that GO
fertilization effects explain
70% of the observed
greening trend, followed by
nitrogen deposition (9%),
climate change (8%) and
land cover change (LCC)
(4%). CHfertilization effects
explain most of the greening
trends in the tropicso X 6
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‘On guestion 3: Are human activities browning or
greening the Earth?
== etal (2019)

4
—tee Browning
: — Greening %
s
B
52
3
g
[
1
o —’/\

-20-15-10 -5 0 5 10 15 20 25

<-19 -12 -8 -5 -3 0 2 4 5 7 8 1
Trend in annual average LAl (10'2 m? per m? per decade)
Fig. 1| Map of trends in annual average MODIS LAI for 2000-2017. Statistically significant trends (Mann-Kendall test, P<0.1) are colour-coded. Grey
areas show vegetated land with statistically insignificant trends. White areas depict barren lands, permanent ice-covered areas, permanent wetlands and
built-up areas. Blue areas represent water. The inset shows the frequency distribution of statistically significant trends. The highlighted greening areas in

red circles mostly overlap with croplands, with the exception of circle number 4. Similar patterns are seen at P<0.05 and the seven greening clusters are
visible even at P<0.01.

QuotingChen et al. (2019 recent satellite data (20@2017) reveal a greening pattern
that is strikingly prominent in China and India and overlaps with croplands-waték
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‘On question 2:Synthesis of the atmospheric carbon
balance

g Photosynthesis [123
.f__E Respiration 59.8
§< Decay 53.9
) Fire 5
= Freshwater outgassing 1

- Volcanism & weathering 0.4
o ~
;g J Absorption and photosynthesis -80 n
CEU _ Respiration 78.4
C
g {Fossil fuels & cement productior M 78
f Land use change 1.1

| Outflows:-203 Gt C / yea(inflows: 207.4Gt C / year

. ¢ h "6140 -120 -100 -80 -60 -40 -20 O 20 40 60 80 100
Average increase of atmosphericiCO CO flux (Gt C / year)

concentration: 4.4 Gt C / year

Totals according to IPCC (2013) and additional information from Green and Byrne (2004).
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On guestion 2: Percentage of the anthropogenic

emissions on total carbon flux to the atmosphere
N

S I i Human COemissions
(fossil fuels and
cement production):
3.8%

Natural CO emissions
(respiration, decay,
etc., in land and sea):
96.2%

.4 Areas plotted to scale

Images fromhttps://www.whitehorse.vic.gov.au/dussmokefumesand-odour-nuisance

https://www.wallpapers13.com/tropicalandscapemarine-animalunderwaterworld-seadolphin-colorfulseafish-coralsland-coast
palm-trees-scarletbirds-sunriseart-wallpaperhd-1920x1200/
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On Question 1: Covid9 and an unfortunate experiment

1900 1910 1920 1930 1540 1950 1960 1970 1980 1990 2000 2010 2020

Great World Second Financial
Depression Warlll oil shock crisis
2
— 0.5
—_ 1 — 0.25 ]
© ' @®©
% 0 ...|.nl,...|||_||,”|. 1l |I|I|IJ. ||| h. |i.[|..|l||.|||‘. III Julk... ..|II..||||I|| I||||._Il Lo QO
O -1 ‘ - 025 O
= O
© . 418 - 00
2020 L 0.75
-3 416 2019
£ 414 ——2018 o
S ——2017 A The global COemissions
g 4 were over 5% lower in the
£ 410 first quarter of 2020 than
S 408 in that of 2019 (IEA, 2020).
3 406 A However, the increasing
404 pattern of atmospheric
202 CQ concentration, as
1 2 3 4 5 6 7 8 9 10 1 12 measuredinMauna Loa,
Koutsoyiannis and Kundzewicz (2020) """ did not change.
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/I dza | u}\2)/ CiSjiéfSé)/ [ hi

a AN

Koutsoyiannis and Kundzewicz (2020)

688y
ue LINE

~

Koutsoyiannis and Kundzewicz (2020) postulate that thedli
temperature classifies asceK ®iS 3 3¢ Ol dzal A i
which of two is the cause and which the effect.

O —
—n

1 Plutarch first posed this type of causallty as a philosophical problem using the example of the her
and the eggd T BT AN WEY §7  _hT L BT TECWEhACY
[~ i< )r>\/\b‘h|ch1g)f the two came first, the hen or the egg? (PlutaMbralia, Quaestiones

convivales B, Question IlI).
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Palaeoclimaticdata
In search of causality

¢CAYS aSNASa& 2F (S
concentration from the Vostok ice
core, covering part of the

Quaternary (420 000 years) with

time step of 1000 years.

Auto- and crosscorrelograms of

the two time series. The maximum
value of the crossorrelation
coefficient is 0.88 and appears at lag
1 thousand years.

&orrelation coefficient

This suggests that the dominant
causality direction i3 Th/ h i I VR

Milankovitch, rather than Arrhenius, is -

right.

Adapted from Koutsoyiannis (2019)

Temperature di'I'I'Srence from present
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‘ Recent L vern |

0.8
Instrumental 1 ﬂ | o008 *
04 N
temperature 0.2 | ‘ ﬂ i A “ lk ) 0.006 3
SVR = N R
FYR O/ hi Fol ﬂ TR RN . =
Differenced monthly time 04
series of globalemperature 06 " 0.002
(UAHIF vy R f 23 NA UK 27T [/ hj
concentration (Mauna Loa) -1 0
1980 1985 1990 1995 2000 2005 2010 2015 2020
Annually averaged time series of 04 0.009
differenced temperatures (UAH) and | _,_”m‘[m, his | 0,003
f23aFNAUKY 2F / hi OZ2YOSYUNJIuAZY | .
(Mauna Loa). Each dot represents ~ °* | / T
the average of a ongear duration 0.1 ‘ \ 0008~
ending at the time of its abscissa. £ o I i / 0.005 >
Which is the cause and which tt ** % | ' \ o0 =
effect’) -0.2 0.003
0.002

Koutsoyiannis and Kundzewicz (2020); notice thf;\t'?'3 ] ] X |
t23F NAGKY& 2F [/ hi O2yO84 (NI GA2Y +NB dzASR T2 NJ ooo
|inear equiva'ence W|th tempera‘ture_ 1980 1985 1990 1995 2000 2005 2010 2015 2020
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I KEy3aSa |, e
follow changes In

global temperature: o
Auto- and crosscorrelograms of the 8 02
differenced time series of . ]
temperature (UAH) and logarithiof -
02y OSY NI GA2Y wdl dzyl &
o
12

[ hi

Which is the cause and which -04
the effect? 48 36 -24

—o— |

08 —e—ngintydl higs
=0O= nfnpt yw/ hi 6%
06 -g--pfpt yo/ hi 8% 4l

Correlation coefficient

0 12 24 36 48
Lag (months)

Maximum crosscorrelation coefficient (MCCC) and corresponding time lag in months
Monthly time  Annual time serieg  Annual time serieg

series sliding annual window fixed annual window

Temperature-/ h i a MCCC Lag MCCC Lag MCCC Lag
UAHc Mauna Loa 0.47 5 0.66 8 0.52 12
UAH¢ Barrow 0.31 11 0.70 14 0.59 12
~ UAHg South Pole 0.37 6 0.54 10 0.38 12
gﬁgtsoy'a””'s UAHG Global 047 6 0.60 11 0.60 12
Kundzewicz CRUTEM4MaunalLoa 0.31 5 0.55 10 0.52 12
(2020) CRUTEM({ Global 0.33 9 0.55 12 0.55 12
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Towards a physical explanation f@ausality direction

A We start from the Arrhenius equation for the rate of chemical reactions (whiohld
not be confused with thérrhenius climate theory)

e w O
Q oA@(D 7)/

wherek s the rate constant of the chemical reactidns the absolute temperature

(in kelvins) Ais a constantEis the activation energy andis the universal gas
constant.

A AssumindY Y 3'Yfor some’Y Tttfor which’Q "Q and forzYL “Y, we can
write:

~
€

2 A alp © o A b ° = A alp O >
0 YCY Y YY YCY VY YY Y

A Hence:

e - (O .. - L. ... [0\
ng(ﬁ) Q6 h xEAoéh<TQ>

This isan exponentialfunction of 3-"Y
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\

Physical explanation of thellh / h | Ol dzé

A The approximation athe Arrhenius equation for the 121 Month
rate of chemical riactlgn?, le.: c ol T A S
Q Qo T Makitaet al. (2018 Fig 2)
remains valid for biochemical and biological AR gl
processes (for typical temperature ranges). @ (\‘,”
Thus, the graph on the right for the respiration ratezg E 6l
Y (emission of Clfrom plants and microorganism:g CE)
of a coniferous forest can be modelled as: O 3 4l
Y c® ypst » 0
This entails a 9% increase of respiration for an 8 ar
increase of temperature by °C (= 1 K). s
Also, it has been known since 70 years ago (Pom == : : : '
andBowlus 1946) that the metabolic rate (activity 0 9 _ 10 15 20 . 25 30
microorganisms) in sewer networks follows simila Soil temperature ("C)
dynamics, i.e.:

(%" 718 [/ B(pst X Graph reproduced from Makita et al.
where BOD stands for biochemical oxygen demand (2018) showing the relationship between
and EBOD for effective BOD. soil respiration and temperature during
The latter equation (routinely used in engineering 200510 in a temperate evergreen
design even today) suggests a 7% increase of coniferous forest area in Japan. The best
metabolic rate for temperature increase of'C. fit model is shown by the solid black line.
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How does the natural increase of respiration
compare to human emissions?

A

The soil respiration, assumed to be the sum of respiration (plants) and dec:
(microbes) is 113.7 Gt Clyear (sg@ph of atmospheric carbon balar)ce

According to Koutsoyiannis (2020, Table 2), in the last 30 years the land
temperature has been increasing by 0’Z9decade corresponding to an
Increase in temperature over land of 1.9® for the 46year period 198@
2020.

This means that between 1980 and 2020 there was an increase of annual
respiration and decay over land, amountinglit?o or 12 Gt Clyear.

This annual increase is by 50% higher than human emissions (7.8 Gt/year
shown in thegraph of atmospheric carbon balarce

We can expect that the sea
respiration would have increased

too, but at a lower rate as the ' >
sea temperature increase is much
lower.
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Part 8
The hydrological cycle
and its alleged intensification




The hydrological cycle: A recent quantification

‘WQ

Advection (net)A

31900 kmd/year

= e
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S >0 ca3c Qo
SE> So3X9 c=2

S =g ol
SXE STEE T=E
39 € o .EXx =
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Surface runoffR
32 000 krdlyear
(219 mm/year)

Climatic variability
(30-year scale, 95% confidence)
Precipitation and evaporation: 7%

LB D Runoff and advection: 23%
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SSE € M Groundwaterdischarge
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Koutsoyiannig2020a)

Notice the
groundwater
depletion, i.e.,
(unsustainable)
over pumping
beyond the rate of
natural recharge.

This contributes
1/3 of the sea
level risa the
most significant
anthropogenic
effect on the
hydrological cycle.

Another 1/3 is
contributed by ce
loss(not
necessarily
anthropogenic),
while 1/3 is due to
thermal
expansion
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